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(54) MULTI-CARRIER TRANSMISSION SYSTEM AND ITS METHOD 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To attain bit distribution of 
a DMT system where a performance margin is a 
maximum at a given transmission speed in the case that 
transmission power is revised between e.g. a NEXT state 
and a FEXT state under a noise environment having the 
NEXT state and the FEXT state where a noise amount is 
periodically changed. 

SOLUTION: Sets 11, 12 of SNR values of a transmission 
channel that are periodically changed due to a leaked 
noise are regarded as a set 13 of the SNR values 
without temporal change in a single transmission 
channel, and bits of each carrier in a multi-carrier 
consisting bit distributions of the carriers are distributed 
depending on the set 13 of the single signal to noise 
ratio and a preset maximum transmission power 
corresponding to the noise environment. 
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Se^^**JTOi:'j hK^^^crts' HB^#Ki*$ 

I 2 ] B(rs«®s«EiOs 2 ar* o TBfr:ejiJW-c 

J: ^ >5:|qia&+ + y T © bT h Ig^ifc ^CT b* y h 
A. 

[ 5 ] «irf5»{I^INE:i)^ 2 ar « o T9r^nK)i 

c:n^2a©«-^«i#i:b©«®sffltct£;Dt:w!r 



(2) 2 0 0 1 - 1 7 7 4 9 5 

2 

c:i^!^m<!:TSfS^3l4a:/'cS3:5iB«©-5'ji'3^^-f y 
rejUi/x-j^A. 

-X© 4r e^i©»-^. B«f an-© am^ tt^i&5e& 6 

n:fc»3»©G3ll5iS*ifriBmr ©iifiM^jiim^ 

BiiB0-©affiM»BoiBii-^*fit#tbSfiiii^K 

r */tSirna«i*©^assiBirfBM-^*r3##i:b©iffii * 
10 Sic. ^smicis»^-7-i»i:wm-r^^^t. 
c<Dmi 3 tifc-7-i/>*sK:BusB«»©easase75» ^ 
siae^jig^)H«r-5#®i:. c©jgii?3nfce^it 
fi[tcaeot:MiB$+-i' yrctv hBe^5>%iiair-5*^ 

©•7>i/5=-^' f y rGjM^';^7^A. 

[11*^9] fl5ifi2a©Jiw©Jiifaatt, n— so'ii 

+1- yTej^'>;5^7'A. 

10] Htjta 2 a©]Hi^©BS^«. ^-cc^w 

tv*>iai6©TJi'5^=i^ + y TiS^j^:^7^A. 

1 0 i<>-md>fetS©vji/^+ y re3ll'>;^f-A. 

■£1**35 1 1 1 t»-rn*>^©v;i.^^ ir y TiSMJ^ 

(ic*si>^xm-iSLumzi<DmmmmKmx'7}u^^ ^ur 
^jTBMijmx^h-^x. mim^mo^^^mmric^ 

fi#*fltt#i:b%fFfflS LTlg|»a©ffi#>if«f#J:h©ffl'£f# 

■5«-^>tt*tmbwfiB;^ , Buiai«jg[a©<i-^*tat 

ifJt©ft*, jaJWfl«JtC^ffr4C<!:©ii:«,»R-ll*ra©^ 

Mi&vx^i!f>m.M$tifcM-kmm'm:fjmi: Kjsor Btrie 

1 4 ] MiBiNfWa8«*i 2 at?* ^ -c»f jEjaw 

50 x^tt^m^. m^mmammmm^^T-'j^'u. m 



(3) 

3 

St 1 3 fa«<z>v;i/ + y resi:;^, 

©ft-^*t^«mb®iacD^ffijiiy'BfrsB#+ v T<oigcKn 

J: 5 ^ilolB^^^ •J' y T©f ur hiB^*3&:-r b: HB:9-X 
^ 7" i ^ ^ tr C i * !^ i -r -7 ^ + y T 

J:t:©ffl*#m t . Ki ta t y h 7^ c ti^ 2 
f y TBMIjm. 30 

[ 1 9 ] flirf an— ©MMMaiP ^-^A^Eii) nfc 
«*!c©iEiliiS*Miail-0)i«M'^5llilT 5 x f y -r?" 

itnasi— ©aiftSfctjiiTUffsn^wtai^u' na^x 
f'srT'K, i(riaipr-©amM*i5ai«3nT#/£:Mgaig 4o 

I^OfS^Si MBm#>ff*iWJ:b©ffii f - d« 
3 n^t V- J?> ?:IStcl!fia^cD{3IIBK3!i> e>*H9fi^ 

[ 2 0] mfta f h sa^^&Biriaii—^am^*^ 
6iftB^— ©fliMM'^jiiffl-r 4 T.^^'fL^ mf&^-<r> 
ffiflMK: *i t» T B^ie y b IB^ -3 T i«gem:©3i-(s so 
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^ir^ift^JH 1 9iB*E©-5'^i'^^i' y r^:;^?*. 

\.mm^2 1 ] s5ria2a(D*i^©5i^», n-ssy^ 

[ii»^2 3] t«ga2«©$fiw». ^ms&v^m 

--2 2 t»-m3ipiaii©-7^i'?-+ f y TCiM:^r& 
[ts*J9 2 4 ] mfiais-Riyfimoamsrat*'?' -f 

16-23 t>t'n/&iiB4g©vjV'^=^' + y rmm 

[000 1 ] 

CI6IS©M-r-5^fK^»] :$l6BJ«-5'Jl'?+i'yTe* 
i^;^7'AJiCf^©:^)4k:ML/. ^{CDMT (Discrete M 
ulti-Tone ) ^W^1j^l:.L>X^htlX\>^^-^)\^^^ "fr ') 

Tiani^x 7" A&o'^©:^aK:Ki-r -5 '6>©r4>^. 

[000 2] 

yTG3ll'>XxA©WiL'rB, ^|tH«l^^&*Rlff5. 4 

7 9. AAm^mTfiOMMi)^^^, 
[0 00 3 ] Ai*.4DMT:^tC^3tlSADSL 
(Asyitmetric Digital Subscriber Line) b"C 

W^O^"^ yrCCQAM (Qjadrature Amplitude M 
odulation ) tC J:2)^iB^lrtTt,\ C©^iliL/fc^^ + y T 
^ I F F T (Inverse Fast Fourier Transform) ^fefflC* 

^*{b3nfc«#*>e.§+ f y T^F F T*m»rttim 
[0 0 0 4] c©*i-^, iii^©+i'yr©s<7'^©t^^' 

MB:^©fti&{CS^^l' yT®SNR (Signal to Noise 

Ratio -.mmiummit) ^^ml. c©s'i5t3nfcsN 
ia 1 3 © 1 5 vcf^t^ ^ ic , imi<D^mku^ix. 

fiMstiss^^^^-yr-c*?). &=^=^i' yr©;s?g?t6*i« 

4, 3 1 2 5KHz-C*or'€©j®^tt2 5 6-C£fe^> 

j^B^ici*. cn^^ + yr^^^^ssi-r^di. c©it 

SNRM'fe»ffiUrc©fFffiSNR«:?£-:,rtf-? HR^a- 
^^fe^C^S, C©«'^©SNR©ffffit?«. ^^i-y 
T©JSjjlfi»[^^«:*$l,»TS^ © s N R^i**j*r t^S. 

[0 00 5 ] §4=+ yTt*c5 u-csfce>n/-c&t:--' h 

IB^«:?£-7t:tr5' h«©eai«rtf '>«>©'t?as. «:©tr 



5 

[0 00 6] g£jfe©DMT:&^ADSLS*l5{Cfcl^r, 
r-5#^©--WiL.rB. Jj^CD*a^$i¥ll5. 4 7 

©s NRffi (15) icg|i,iT*=*^ + ij rifi&-K<r>^^y * lo 
iB^r-s (16) fco-cab-s*. 

[0007] 

[^BJ*^»atbJ:'>i-r-S»il] C©DMT:)55^©AD 

CM crime Oompression Multiplexlnq) 'M^<Dl SDN 
ifi^^b. cn(Cj;i5gfeDSja}t8e?)ttilig*iADSL's 
©<S-^{C:A:#!tc^aife-:>TtiS„ 0 1 4=l:ffll,i-rAD 
SLEIilSiTCM- I SDNiaili*Jpl— Jr-::/'jKCii 

^'r^m^icn^-r^mmc'z>\,^xm.m'ri>o mi 4ic 20 

ADS LHISKlfct^-CTO:^!^ (ATU-C (ADSL 
Termination Unit-Center side ) J&^^ATU-R (AD 
SL Tenrination Uhi t-Remote side ) ©^fol) tCf— 5? 
eii'&tf ■ort*.SB${CATU-R*STCM- I SDNIsl 

[0 00 8] BI 1 4K^STJ;^(C. A D S LlilSKtol,* 

TT0:)?fSi©5^-^!e3ll*tT-:>ri»*^K:. tcm- i 

S D N[l*S:^i|gl D < T 0 ^1^® 7==- f SH^tf -3 ri > 5 

jii^S§ (F EXT : Far End Cross-Talk) #!f6 30 
^■rS. AD SLigiKtCfclirT»3:Sl^{Cf'-if 

^s^*ff■5Tt»*l«^£:TCM- I sDN[a*i5&s£:ni« 

JSi§NEXT (Near End Cross-Talk ) ifi^O^. TC 
M:??^©I SDNIali^-rtt, 7=-ifC0jSII*±ip:^|B)i 

S D N|5|i^C!)fcr»J<>:^CD-7=- ^B.m<DBm=k^<'-f. 
[0009] g£*CD A D S Lfi^Sg-Ciim^tf ofclg^. 
(NEXT) B#tC«i7-A5^a(C^*-^-S= (k 

j^S* N E X TSi#T-e©a<t«:^toi±-r ^ L fct8 

?L6tli, COD^jj^rW, ADSLS^gtit^^; hv^»y 

(FEXT) INFKM3^^f»/h3(,»fc 
*ji®iie[*At< L-, NEXTB#4C»?^#tJfcest)3Sfl 50 
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[0 0 1 0 ] ie:63{>s. dOT^aT^i/tf 

-c«e3ii^jscDSNRfii*ii^#a-r.5fc*. ±^48*^ 

[0011] u±.<Dmmmcib. mmmictmomnm. 
[0012] ^(Dtcifoi^. ^u^m^xwrn-^txtm^ 

o^^•:7 4■-v>xv-t?>*a::A:(c•r■2)C<^:^cJ;'3> ± 

SIBJ^fC i ori^F^^ 10-366982 ^l^*fflSfCli 
IgStl-Cl^*. C©$^-Ctt, NEXTB#©m#*M S 
DN^-QifiSgiliSi^C-SfcistXC. NEXT^Kfcl^T© 

i*JSJf?3n-S. -r^cfc^^ ±fB©Km-C». FEXT 

BfiNEXTB#©S:^j^S:tr*sHS3tiT*iD, J:r> 

NEXTB$©AD SL©«-^*s I SDN'^©i^#i 

<-rfc»b{C, NEXTB#iFEXTH#i©ilffi^:^l5:M 
^£■5 J; ^> fc^MnJSi t -r C i dSi£:«i/j: T«,» 4„ 
[ 0 0 1 3 ] :4f^?g©Sfl*)». NEXTBfiFEXTBf 
i©SKt«;t»**^c-&J:^tc^E5Jtl<!:L'fcJS^{c. 

[0 0 14] 

[0 0 1 5] -eu-c. wmm^mnfizmviSb^xwim 



> 
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[0016] ;s«ia«)tc^'fb-rstgig{« 

VTeiM->;;^7^A3!(if#6n^. 20 

[0 0 1 7] -eur^ irffi*i^ai«E3ttf2a-r*r»r^^ 

UfcCi«:iK^i-r"5. 30 

[0018] ^fti. msm~(Dmi9Miti^hmMwr.(Dm 

-s»*a(cmiaa!g!CDej^a[j5^6«8i{gaijtg«:a 
4Busa»-tDiim«'^^m-r6#M*Htc*^t^^ ^120 

— ©a{iM«il5iatr y M2^K:tS£"3-cll^ail^©a{ta 
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[0019] 3p:^^(c j:n(£. mimiii^it'^i>u^m 
tD— Bfia©M^c-ssiS2SS[-c^iffi§n/c 1 o©M-^?ist*s# 

[ 0 0 2 0 3 Lf. fiftai^iwsJ^:«)5 2 ar* -o iCSf^ 
M*iT^<t-r^*i^, mrfa«-^*f«#J;bffffi;^7^ -j v 

Mia2a©lilf3aiJ«T©§<?f£:*jl,^r>itJC6-rS«-^ 

*fiBiWtb©ilft«»aj V. mfiatf :y HE:53-;^ ^ ^it. c 

ni?2«©fi-^Mii#^it©ffl*s?ta 1 ■^<Dm^Mm=^kh 
ft#3Kr*i#i:t©iffl©Sfii&cmfa#+ + y r<!:>^d^ti 

cc^^^Ttc *5 1^' rm— RO'^— ©Sft^fflsrar -7 
fcv;U5^=^^ -t- y TfiiHiJjffiT*. -o Miaifi85:a©^*S 

+ y T©«-^Mimm*^ffiL-cssta©«#*tii 
m<ommt^m^it<Di&(o^m. t mtmr^mc -en-en 

i'yri£S:)^36s»6ns. 

[0 0 2 2]^L/T. Htiia3«^3Si^*J2af *orM5£ 

S5fga 2 mo^wuWytTo^ t tcfc I >-c>(ti&r 

>f*Si*i:b©M«:»Hi b . 1512 tf h E^;^^ f y c 
n5SE2a©m-^>i**fll=l:b©ffl©SM{Ct£;DTt?iBlfv V 

[0023] */c. MIB^— ©aMJSJ&^6^«i>^ai>6n 



9 

flflflE 2 S© jMf^©*tW iStt . H-RCJfl^ - ©3»t^ t © 

■TO, Hfcffi'is2iM©*t#©sis«s m-<Dm=^mmi& 
i b . BuiBii-ao*ii-©a««mt J 7^ ^ 5* 

[0 024] 

iLTATU-C 1 0 0. SS^Si L/t ATU -R 2 0 0 

- C3!»e> ATu -R'Nj^-r sTo:^in]©e5sga©^ 

(sfcW-Ctt, 4«©iiaf<»:-r4) *ATU-R'^.^<*^ 

S4>©-Cibi,, 

[0025] aj«eiiijSSEiai«giJ9 {jat u -r 2 0 0 

f h. >'^•'7-i^^f^-:/;^l 0{iATU-R2 0 0*>6 

itmsnfetr';; b. ^N-'7-iE!9-7'-:/^i'*iett-r^t>© 

-C&i>. C:©fryh. •? -12:^7^- :/JH 0 tC fit -o 

i^) *stft>n-::>-:3T0:J^I»l©-f'-^'feiil*s^cSn&. 
[0 02 6] lii±itATl}-Cl 0 0©Slt|-C^.^>*^ 

ATU-R2 0 o©*i*i«;j>:©*a<t?*s. T>3:&|6)S 

N RSMSP 2 «T 0 7?raie5^©Bi©feSliSSS© S N RfF 

ffi*^f^t>©-c*D, cc-eii, Miut:. tcm- i 

TCM- I sDNti>^ADSL^omfm^'kfsm-ri> 

fcHbOm-Ciyi). m (A) «TCM- I SDN©?'-* 

©sift:;i?i^*n^L/« <B) B-en«:j;-3t:ADSL (a 
TU-R) (c>ptL/T:^i;^ii^iHi#?:mr, 
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[0 02 7] I SDN©±'5:;^|nIjl{i^{CW. ATU- 

Rtc»ajSiifSNEXT:^^t;. r*}:^mmmcit. 

R^ffiSB2tt. NEXTiFEXT<!:©2acC^B^J&S# 

^T^^tcfFfifi L-. >tiH£-r-&SNR©4i«:NEX 

T SNRRC^FEXT S NR©^S^aJ3 (C5^'<7« 
Jf-r-S. MZ (B) liTCM- I SDNJCjcOi-T 

10 (C) »^L/< &(<»ti^©0!l&77^L'-Cli.2>. 02 (C) 

mL-C^*). croti^CCttFEXT^s^-T'SWraf « 
N E XT*s^-r SRSfffln J: 

[0 02 81 jiSMf&TJV =r i; 8 ta. ^'t^ 4- — ? 

>;^^-*?>tf»ap4<i:. e3BiSja0?ai55 4. 

v>;^-7-*^>H-jS[g|54»T0:&r6js NRffffiS|J2 {CT 

fFffi5n/ciJg8S©SNRfii3*atC. ATU-ClOO 

J: 0 iam 3 iT.T # /c 4 a® ^E^aa%^ ^ n^^-r -sti^ 

h. ^^•'7-iE^f^-:/J^^:ATU-C 1 0 c^ji^ffr-s 
COk^yh. -'^•'7-iH^5'7'-:?■J^7»NEXTNFR 
U'F E X T ^rJSWKltC^^t-r •& S N RffiE©^?t* L/-r 

[0 02 9 I lastSH l©:7'a i7©siifp;£^f 7U- 

30 ±<a»*'6#^6ti/t4-o©esijta 

(y^-f-^^T'A 1) . M^ti. ri *»6 r4 b i t/s© 

4 aa©ej*aK*!-e©fte©/ ^•^y-3^iftK;ATu- 

CJaaiSATU-RKill^SnS. ATU-Rfflfl»> 

a*sj3»!Wtc^{b-r.si«^. !^{ccc-cttTCM- 1 s 

::^SNRi?ifigP2-CK, c©w:^©iii^«:tews^ia 

ig^©SNRiaj£pffiL'. §-f?j£NEXT SNR. F 
40 EXT S NR 3 tcfiej#-r -5. 134© 1 IRO'I 2 WfP 
ffiStifc§jaigt{[®SNR1ii^^L, 11«FEXT^ 
^H#©, 1 2ttNEXT^^^©^SNRffii&^^. 

C0 0 3 0] >'^•7*-v>;3^'7-2;'>iH^taB4^^. sn 

R^iffig|S2-e^ffil>;^ci^©SNR|i3%S(C, ]||fi3 
nfc4-:>©<EM3M[*l©S-rS«^. y^7*—7>:x.T 

iSf^ (;5^f"y:/A2) . 04K-e©t1«:&^*^'r. 

11, 1 2*C^rNEXTRc;fFEXTB$®SNR^i4 
04 © 1 3 tC^TJ: 5 tc« ^JBWKgEjtT^ C i < 

50 {^©^jglSS-CfFfifiSnfcSNRffiiL.-ClsSffl-r'S. 
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T, BMmmm^ti^tc&mm<Dm^micL. 5 1 

Eniask) tb. ite3ll(tm;*j©±ll{cj:-Drtt. S^f V 10 

[ 0 0 3 2 HE^iae^js^aps -cw. ii«Lfc4ia3H© 

S 3©;^ A 
2 tC^T J: 'J K4aSO'7—i^>^iimi —m4 !!p6., 
itjiS** * ^> it < - > *sft-C itc t * UtfeSc e 

m^nJtl-C&SCi^mL.. ATU-RttATU-CtC 

■e©Si'?L//c{£3ill5iSSL!>*-f ©^^•7*-v>;^■5'- 
[0 03 3] fcTr^F-. /^■7-i2^3-r— :?';l^^mSi56rB 

NEXTB#&ii;FEXT^fjaJK6^J«:^<t-r^.SN 

tir4^2 5 6++ UTfctB^-r-5gB^*F EXTffl-f- 
- 2 5 6 + + '; Ticffl^^S8B^5-*N EXT 

» A T U - R 6 A T U - C KSIM 3 nS. 
[0 0 3 4] itfc. 0 2 <C) ©Ift^^W. ^im<D 

hB5^5'©tf-^:??^*^-5-, 05 (A) tC:^TJ:^(C, 0 
4®11. 1 2tCjiT-rNEXTRCXFEXTBt©SNR 40 
iS*. FEXTBfOSNRfiittf fS. JEtCNEXTEfCD* 
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* S N Rim n <g®JSjglK* TStSS L/T^fflT ^. 
mS-^fLtihtcB^mmfD^^ f + n{gL. ( f + n ) 

x2 5 6(D+i' yr^fleffi-r.SiKgSi^^cLr. 05 

[0 0 3 5] r-^roa^tcfieffl-rsi^f h. m-v-k 

FEXTBttcMffi-TiT^-:/^!/©*^, 

F E XT^© s N Rffi*fla(r>/c+ 1- >; r © i**aJ&»-4l^ 

*fcNEXTI^<!>f'-r^;l/*>S«{C. NEXTI^<Z>SN 
r^Jl/^fiEffl-r 5. (3 + 2) X256=128 

Y. (US <B) ) *>60~2 5 

SCD^-i-yTlCtB^-r^SSP^^FEXTffl^-:?';!'. 7 
6 0 2 3©^^+ yrtCtB^-rSSP^^rNEXTffl 

[0 0 3 6 ] it»34a/c-&5^-:?'Jl/«. ATU-R*>6 

[00 37] 06«03(Z):^7^i>::^A2tcteW^^<:7* 

&^^Vr i <Dm^J3<D FEX T^K4bW .SS:^ 

Sfc^^ -f y T i C0jllMS:^3©N E X Tl^fc*jl:J 

cn^tCSNR ( i ) ^mOtcSNR ' ( i ) 5:5jc 

' (i) ^KlMi(cafeo'#^ ( ;^ f- 1:^ 7"A 8 ) . 
SNR ' ( i ) ^SNR ' ( i + 1) 

[0 03 8] <^fc. k=l. rinax=-«>. count 

= 0i-r^ {Xf-y:/A9). k«*'i'>d?. rmax (t 

un tttrmax ?:S^T-S>fcit)K;^-r^=^^ + U T^T 

ab-S. ^Ur. r (k) ©tf-»SffO (X7^s;:/Al 
0) , 

[0039] C<Dr (k) Otf»S;«. 
Cftl ] 



SNR(k] 



r(k) = IOJI09IO 



„ Btargei 

2 1 

k 



+ teff - 9.8 IdB) 



[0 04 0] T (k) Itl^^VTUl^^Jl^icm^SJ 



50 



SNR», 
[%2] 



(8) 



13 



SNR(k) 



TT SNR( i) 



i =1 
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L 

k 



10 



E 1 = Emaxi ,F ( i € F ) 
Ei =Ema)ci,N ( i eN) 

ISfj E tarqedl . 

E target, F=kF -Emaxi.F (iep) 
E target, N= kN ' Emaxi ,N ( i 6N) 
fibO. kF. kNSiFEXTNf. NEXTB^tcisttS 

[0 042] Emaxii* i mS<0=^ + U T^mm'^mj:m 

bi=floor [loq2 { 1 + Emaxi ,F • 
bi =floor [loq2 { 1 +Emaxi,N- 

diffi = bi -lo<j2 { 1 +Einaxi.F 
diffi =bi -lofl2 { 1 +Emaxi.N 

tc:i»)»HS3n.5 15). 

[0 045] CC-Crmax 4*. ★ 

^ 2 



[0 04 3] -ei/T. T (k) >rmax r 
max =r (k) . c 0 un t = ki-r& T'A 1 

I, A12). kASNT?ifettn{i, k = k+ltL/-r 
(Xt^-s'T'AI 4) , ;^^?»:/A 1 O'^-M^.. CCr, 
rmax W#^6tl/<ii^:^f-AA-7^-5ftCfeWSS:*;nJ 

u n t l*r max *]tJST-2)fci&{c:^T'£)*^+ * 'J T 

[0 044] miUm^<D:A7--j-:fAbi<C^Vi^\fv V 

rmax mfc o un t^fiMU. tHWOtT'? hiE:&T— 
r^-fl/ (b ' i } 4, 

SNR ( i ) /Tmax } ] ( i GF> 
SNR { i ) /rmax } ] ( i GN> 
^^XhntcJhWL^Mr<om,^. diffi tl>X 



SNR ( i ) /rmax } (i eP) 
SNR ( i ) /rmax } ( i €N) 
★ [|%3] 



max — 



+ JTmax - ?eff-i.77(dB) 



Q{x) = , e dy 

^ 7 271: 



[0 04 6] ^LT. B total *ft^TS {:^Ty:fA 
1 6) „ COB total 3gSEC0b*,y hffi^J^-f'-tT'Jl'd^ 

Btotal =21) ' i 

[0 04 71-fL/r. Btotal < Btargetr*4*ft^. 

ffi«J^-o=^-^i;TC[)trt5r MB^r--:/;!/ {b i ) ^£1 
tr^y hiSj[JD3#v cfiffi = diffi +1. Btotal =Bto 50 



tal + 1 tr?> (;^f**:/:/Al 7. A 1 8) . cn^rB 
total =Btarget4nc-St'Cai»3il-rp 
[0 048] Ia8ttS3(DXf•^:^:7'A5^*5ti^S^^''7- 

;*.^nfcb* :; hE^}?-:/;!/ {b ' i } ^rtttC. Pe 
( i ) =Pe,i.tarqeti3tc2>J:^CC, A;?J«A (E ' i 
) ^Sll^rS (X7^^>:7'A 19), CCt*. Pe 
( i ) {* i #S<D4^i- UrOX^-Jfi^, Pe,i, target 

ho 3g&cr)J^mS::t? E total 



IS 

Etotal.F =XEi ( i eF) 
Etotal.N =XEi ( i SN) 

O-N- lOi^fa-Cfe-S, 

[0 04 9] m^mtt^^ iE '1 } *W3l3g 

■r^S •;>:7"A2 1) . C ©SSSaStt. (Etarget.F 
/Etotal.F )• E-i iEmeixi.F (ieF)iC?>^1^ 
/hJtc^ffiSfclJ. (Etarqet.N/ Etotal.N ) • Ei i 
Emaxi.N ( i GN) 4©5 ^/^^ES|ii&, -etl-eilE 

hSiyf/fv- (a^) BBi9-5^-:;^Ma. {b ' i } Riyf 

{E ' i } (Cct-p-C-^>t6n-SCi(C^i^, 

[ 0 0 5 0 ] ^;jK. :2p:^W®ffe®lll6®JI^«tco*ii|g 

>''\a i?sRc;ia 3 ©-eottf^ a - i- - h k 

/t4-:3C!)eiiiiS{*. ATU-C*i6ATU-R{C|Djdi 
oTiUftSnS (Xf-i;7'A 1) . rl*^6r 
4 b i t/'s©4«?S©iKilliiS*5-eo<fe©^'!^-^-5f 
i^tfC A T U - 6 A T U - R fCitft 3 n-S. 
[ 0 0 5 1 ] A T U - RfiiJ». *i^*^g|«gfift(C^fbT 
^tCCC-ClJTCM- I SDN3&3|^— r^;!' 
l*3«:#^Ef I SDN*i6AD SL(C>lffL/-CNE 

XTRiyfFEXT*s^4-r.5, T^3:??I5)SNRW«HJ2 
•C«. Ccr)m:^®«-atc4jl:}-4S-Mjgl^©SNRffi*ff 
fflfiL/s &<r^NEXT SNR. FEXT SNR3tC 

SNRM^ij^U. 1 1 WFEXT#6*II$©. 1 2 BN E 

X T^B#®SS N Rfii*^-r. 

[0 05 2) ^"!7*--V>;^v-i?>ttJ|[aJ4tt. SN 

RMiB2r-sflBi/fcii8S©sNRjii3=Sr»tc. 
asc •sffiSFta-csffis nfcN e x t ^rc^f e x tb^© s 

NRffi(i:7'"iiiS^B#©i^>S;(3i*#ltl/-C. ATU- 

[0053) ^jSiaaiJI^^S TB. tt»o/c4«m© 
2fcS^-r<j;^(c4ffiSI©v-s;>>fiimi —1114 sS^^. G 
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ii^Ufl6-C*SCi-fe*L.. ATU-RliATU-Cfc 

(;^f'-:':^A5) , IKDT—^Mt. NEXT^Sl 
10 0'FEXTfl#-CJi«iaf)(C^ffr.SSNRfii3^.<7K:5tifL"C 

U - R*i 6 A T U - C jUft 3 *l 
[0 05 4) ^2 (C) ©it^-CB. (c^tlgjlS© 

©sNRii*c-r-5^{c. •€-©NFraiaira©Jt^fst)f 

n/dtJ-SNR<i©JljS!g[^t^3l±^. a5tt-€-©t^>:- 

Ma^3-©tf-»:^j*«r^-r. 05 ( a) tc^-rji^tc, la 

4©11. 1 2{C^-rNEXTS!>'FEXTB#OSNR 
fi*. FEXT^©SNRfflBf*S. MJCNEXTB?© 
20 SNRffi*nfg©Miei^*-CteSgL-Ci!efflf ^, {5iil3S 
a[B#;in 6fcGaijtffi©1i* f + n ^gU . ( f + n ) 

(B) ©*ti*t'-^ hge^:&a*fflt»'S. 

[0 0 5 5] f'-5'©jSIM{Cl£ffl-r^»l^f h, ^^••7-K 
^y-~'-:fM%^ FEXTB#{C^|fflr'5 7'-:?';U©»^. 
F E X T ^© S N Rfii^Mtifc'^' -f T© 4'n*i— «^ 

*/tNEXTBf©?='-:?';HblRli|itC, NEXT^©SN 

30 •:f)l^{gimt?>. mtf. (3 + 2)x256=128 
0©=1^+ •JT^ffiffl-^^.iL.rttSLL/fcBS©!©'^. 

^<«7-IH:a'7^-7^Jl' 05 (B) ) 3&>60~2 5 
5©=^^1' ';T{CtB^-r^>aJ:5}-4FEXTffl7^-:/;k 7 
6 8-1 0 2 3©'^i-';TK:ffiS-r^aiJ^«:NEXTffi 

TU-R*i6)ATU-C{C^3n-C. f 

IB^-?— r/'Ji' 1 0 feoffs nr , T 0 :^i6]mfta#©t:' y 

b. '^•'7-ia5> (vs»f>>:/) tcmi^ns. 

[0 0 5 6 ) E 1 OB03©X7^5r-7'A2{Ct?t-J$>'^7 

40 ♦-'5'>xv-s»©it»:?^^^-rp'a--c*-&. 5fe 
-r. s^'i' i ©jM«S;^j^E ( i ) i uriEmo 

fcSNR { i ) **4i)5 (;^7=-2»:?'S 10). ^-Ur, 
C©if1f3nfcSNR ( i ) «rKJB«:#'«S^ C^^v 
T-S 1 1 ) . 

SNR ( i ) ^SNR ( i + 1) 

NJ:*)/jMfeS i $'C©^-C©#-^(c-:>#±iB;F:^B® 

[0057);XK:. k=l. KF=KN=0. coun 
50 tF=countN=0, r max = -ooi'3'S 
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:?"S 1 2) . k(i*'?>^r> Tmax {J^aog:A:pJtii^ 
Xy-A-'N'^*— '?>;^'5'— countF, cou 
n tN lirmax ^r^^-T-SfctotCffiMT-S^ + U T^jr 

4/cNttNEXTffl?-r^^l'©$feBl:S:^N4, t^^^L 
Tt^S. ^^Ur, rF(k) . tN (k) CDH-Ht^rtf ^ 
(J^T^yT'S 1 3) . C®tF (k) . TN (k) <DH 

[0 0 5 8] T (k) Ki +1- yre^^sj^jutpKBiES^ 

1 0 0 5 9 ) $ fc, i «g©^^ + 'J TXiS^-r SilS© 



E i,F 



mm 




mm 




Etorget^F 
Kf 



E max i^F 



E target, N 
Kn 

Emaxi^N 



10 



round 



b i,F = min < 



iHaor 



20 



*30 



c o u n 



(k) 
(k) 
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IS 

* ■C4-;if>n5. CCr, E target, FiEtarqGt.NiiJiai 
to 0 6 0 ] Emaxi.F tEmaxi.N {±FEXTB#iNE 

"S. -eL/t:, TF (k) >Tniax S/cWtN (k) >r 
max C^T^f :?'S 1 4/'YES) 

tF=KF, c o u n tN =KN i L/. 
TF (k) >rinax ©itflS, rmax =rF 
rN (k) >rniax ©i^tt, rmax =rN 
iT4 (^^T'^r^S 1 5) . 
[OOen^LT. TF (k) >TN (k) -CA-S 

(:x?-5r:/S 1 6/YES) tct±KF++ (>it-f-f:?*S 
17). ^ 'iVtjii.^m-^ (XT-y 7"S 1 6/NO) Ktt 

KN++ i-rs <;;^-f-5r7's 1 8) . -eur. kf =kn 

= N-r^:t:l-n{J (:^?-':':/S 1 9/NO) . J^-r-^f^S 
1 3'^5?S. CCtr. Tmax «#;t6nfcS^X^A^>'^ 

Z^'kTriL'XieK) ^ countF, countNl^Tmax 

[0 06 2:01 l{*a3©;3^7^-;/:/A5tc*il*4tff 
He^f— r^'^^©tt#7^-S?:^■r7a--C*-S. ±i!EL 

:fcTmax &C/c o u n tP . c o u n t N Jfe^ffl L/, tU 

J{|©1^-^ hiar^f— {b ' i ) 
[1^6] 



Etcrget,F ^Hirni 
^ogz^1+ ) 



£og2 (l + 



Emax\,F' SNR(i) 



r 



) 



round 



bi,N ass min / 



f£oor 



Etorqet.N^Mnfi i 
/ countN ^NKliJ 

iog2(l + p; ; 

I I 



max 



£og2 (^1 + 



Emcxi,N • SNR(i ) 



r 



) 



max 



[0063] flcx>r B/J^Sfc^J^T^■C*^t'. [»? ] 



IB 



f£oor 



= / 




1 + 



EmoxuF-SNRU 1 



r 



ma* 




f/oor|iog2 ^1 + 



r 



<^*l)^ ICIl, diffj =0.5 



Elarati 




1 + 



count F 



NR(i) 



diffi 



r 



max 



-) 
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) j I i 6 N 



(i G F) 



bi 



-iog2 ^ 



Etorget,N ^ , . 
^ ^ countN SNR(i) . 
1 + = j 



r 



( i € N) 



mdx 



[0 0 6 4] CCVFmx », ±ie rS[3 J 
So Pe f^fcf ^ hx-^-lx-hr**?. Ne t*A 

Btotal «:ft#TS (X7^u;:7'S 2 1) « C(7)B total 

Btotal = Eb ' i 

[0 06 5] -eUT, Btotal < Btarget-CftSia^ 

(;^f' yT'S 2 3/YES) . m&<D\Z':, hS2^7^--/ 

hBB^-?-':/^!^ {b ' i } *1 tf h?lS^i>$'tf. diffi 
= diffi -K Btotal = Btotal - 1 iTS (Xr^^^ 
S 2 4 ) . ttc. B total < B target^ ( X 
7^':?:^S 2 3/NO) . ^^aEOf^fcr^^ hBE^y'-:/Jl'*^6 
1 tr>;^ f>, ;S/hC»diff1fil5rJfo=t^i. UTOtf^i' MS^> 
T-y^\^ {b ' i } ^ 1 If !y hifJtlDSi*. d1ffi= diffi 
+ 1, Btatal = Btotal + 1 <hf 4 (Xr'-^:/S2 
5) o CtlJfe. Btotal = Btarqet r/S 2 2/ 

YES) ittsi-eai'^ii-r, 

[ 0 0 6 6 ] S 1 2BS3(DXf' ^^i/AS^Cfct^S/'J^ 
-^A^tifctr > hBH^3^f*-:/-^b {b ' 1 } ^Stc, Pe 



(i) =Pe,i,tarqeti^j:'Sct A;^3S:;^{E'i 

} *«fl^TS (-?^^.yyS3 0) „ CC-C. Pe 

( i ) t3: i #BCD+1^ i;r<DX^-Si^. Pe,i,tarqet 

s. 

[0067] m^<Oimkmnt)E total ,F RCKE total , 
N 



30 [|&8] 



E tota£,F 



E totaA^N 



iGF 



40 i = 0 — N- l©MiBl'C*S. 

[0 068]^ L/T . m^'m^^lb { E ' 1 ) =SrSISSI 
5 <;^7'-:':/S 3 2 ) . dCOHiSJSttv (Etarget.F 
/Et30tal,F) • Ei i Emaxi ,Ft©5 %/h?cSffiE ' 
i.F . tfciA, (E tarqet.H/E total ,N ) - Ei <!: E 
maxi,N<!:<lD^^'h^C-50E ' i.N*. 
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E i,F = 



mm 



Etota£,F ' 



EmaxljF 



r 

E i,N = mi n 



{E ' 1 } tCj:-p-r-^;ie)n-5£:i(C!i^, 
[0069] ±ffi©S^<W^.«'Ctt. T "5 ^nfi]©?'- 
iiB.^(Dm-^iC'Z>^^^fc:^. ATU-R2 00*'^A 

TU-ci 0 o^<D±*):^\^(D^-~i'BM(Oi^ici,, 

±<m^'V$>K). 01{C^L<A:ATU-C 1 0 0®«fS 
*(SATU-R2 OOSC. ATU-R2 0 0©«JS*^AT 

[007 0] f«a. 3|!:^?g{3:±iE3iifi<Djis,^K;K5;e§ns 

<b<OVitt£<. m^it. ADSLmODMTam^^t 
m^^. I S D NJWi^© 2 «SJet±©SJt8fl?J^c>ltffllli3&J 

[0 0 7 1 ] 

r. NEXT^©ADSL3!p6 1 SDN'^©Ji^i£ife< 
r e[ia#:ffit- S S N R ii* . B^lffl ftf>{C^{ tr S C <!: AS 

< mmm.^mti^mai'fc — ?©a?ss©sNR#i*i^j:-r 

[0072} l£:rc, :t:mmic^tiit. '^!iEIS©»fl#S 
n*?*dtfiS;^3ffi?:^55:-SJ:5tci9:^L'-c, nextb# 



EtQrget,N ^, 
EmaxiyN 

SfflfistifcifiiScsNRfiitcpSD-r, -^A^nfce^jl 

So 

[0ffi©fa*ftijiw] 

[02] TCM- I SDNf=-5!iADSL'^©«m<^ 

^ i ©M^^ ^^sr 0 -e * . 

[012] m3(D::^f^yy^A5(D^^y-^^o:>f\:WysWi 

[013] t;e*©b*^> hS3:5a^<DM?:^T0'C$)S„ 

[014] M«isi£&z>*a}i8?iig©^w*^"r0r* 

■So 

50 1 T0:^ifiife^S3llft^ 



23 

3 SNR^ 

6 i^y ^•{7-ie^j7^-:/;i'jSma5 



C13) 2 0 0 1 - 1 7 7 4 9 5 
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*7. 10 tf'j ■>'^'7-~m^^-':f)^ 

1 0 0 ATU-C 
* 20 0 ATU-R 
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A1 
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A 2 




A A 



A 5 
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AS 




FroqiJ«nc>(Hz) Fr9qiienc>(Hz) 
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CBmar<2S6) CBrr!er(256} 



[08] 



[012] 



( 3iLf 7 ) 







E total <OltW 
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1/-S30 

{E'i)<prtll 
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Etolaip, EicKa^N^ttA 
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531 



A20 



S32 
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5NR cunn 
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me] 




A12 



CiLiZ) 



[El 4] 



TCM-ISDN 
NTl 



CO 



TCM-15DM 
LT 



ATU-C 



ATU-« 
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t count A"${b'i) tit* 



I 



A17 




A15 



A16 



A16 



bi = bi<f-1 , diffi := diffii-l 
Btotal = BtotaL•^1 
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mio] 



SNR(i)0>tt4» 

E ( i )t3^IE*&fct5JH 
E( i > = 1 
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V 



S10 



SNR( DtfiHeir 



S11 
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S12 
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Kf+ + 
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countp " 


Kf 


countN « 


Kn 




rmax = rp 
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rN<k)> rmaxtf)^:* 
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